Measuring and monitoring transplant center performance is vital to ongoing quality assessment and performance improvement initiatives geared toward ensuring optimal care for patients with end-stage organ failure. The impact of regulatory oversight on transplant center behavior and programmatic decisionmaking is complex.
INTRODUCTION
Monitoring transplant center performance is an important component of ensuring optimal care for patients with end-stage organ failure. The Scientific Registry of Transplant Recipients (SRTR) is charged with data analysis to support the ongoing evaluation of the clinical status of organ transplantation in the USA. Data in the registry are collected from the transplant centers and organ procurement organizations (OPOs) across the country by the Organ Procurement and Transplantation Network (OPTN). Every 6 months, the SRTR publishes transplant program-specific reports (PSRs) that are publically available and used by regulatory agencies, payers, patients, and their families. These PSRs are intended to evaluate the efficiency of the United States organ transplant system in light of the limited availability of donor organs.
The reports themselves have been both groundbreaking and controversial [1 && ]. Although the motivation behind the PSRs is laudable, there are areas of concern that need to be addressed if harm is to be avoided. The principal areas of concern relate to potential unintended consequences of PSRs; limitations in the available data and the statistical methods employed by the SRTR for risk adjustment; and the subsequent impact on transplant program behavior. To address these concerns, the OPTN and SRTR recently co-sponsored a consensus conference to examine the methods used for surveillance of transplant programs [1 && ]. The existence of such a conference demonstrates the need for ongoing discussion and review of the current conduct and application of PSRs. The aim of this review is therefore to evaluate the currently available literature regarding the clinical and policy implications of PSRs and their current impact on program behavior.
WHAT ARE PROGRAM-SPECIFIC REPORTS?
Under the National Organ Transplantation Act of 1984, the Department of Health and Human Services (HHS) awards separate contracts for the administration of the OPTN by the United Network for Organ Sharing (UNOS) and for the SRTR by the Chronic Disease Research Group of the Minneapolis Medical Research Foundation [2]. Transplant centers are required to report updated candidate and recipient information to the OPTN. These data are in turn analyzed by the SRTR on an ongoing basis and published twice a year on a public website (http://www.srtr.org/). The Final Rule describes the obligations of the SRTR to 'make available to the public timely and accurate program-specific information on the performance of transplant programs' [3] .
HOW ARE PROGRAM-SPECIFIC REPORTS CURRENTLY USED?
The publication of PSRs is a contractual requirement of the SRTR. Many different audiences including regulatory oversight committees, public and private sector payers, transplant professionals, the media, and patients and their families all use the data contained in PSRs toward distinct objectives [4] (Table 1) . Moreover, each of these key stakeholders has a different understanding of the statistical concepts contained within the PSRs.
CURRENT USE: MONITORING AND PROCESS IMPROVEMENT
Two agencies in the Department of HHS oversee organ transplant programs: the Centers for Medicare and Medicaid Services (CMS) exerts oversight of transplant programs through accreditation earned by complying with the Conditions of Participation (CoP) which also determine eligibility to receive Medicare reimbursement for transplant services; and the Health Resource and Services Administration (HRSA) oversees the OPTN, which manages the nation's organ allocation system. The Division of Organ Transplantation (DOT) at HRSA is ultimately accountable for monitoring of the transplantation system.
Transplant center performance is monitored by the OPTN on a quarterly basis. In the PSRs, observed center-specific graft and patient survival are compared to expected risk-adjusted outcomes, using three well defined criteria adopted by the OPTN [5] (see list below). If a program's outcomes breach these criteria, the Membership and Professional Standards Committee (MPSC) commissions a group of reviewers to investigate the potential causes of inferior outcomes and outlines a corrective action plan. If serious deficiencies persist, the MPSC may take various actions, including issuing a letter of warning or reprimand, or placing the transplant center on probation. Serious infractions may lead to the loss of the transplant program's 'designated status', denying their access to deceased donor organs for transplant [6, 7] . Current OPTN posttransplant metric used for quality assurance are as follows:
(1) One-year patient and graft survival:
(a) all of the following three criteria must be met [applies to large centers (10 transplants in 2.5-year cohort)] (i) observed/expected >3;
(ii) observed/expected >1.5;
(iii) two-sided P < 0.05.
CURRENT USE: REGULATION AND PAYER DECISIONS
CMS is the single largest payer in the USA for overall healthcare services, and specifically, for transplantation [6] . In addition, CMS acts not only as a payer, but also as a regulator. Most commercial payers follow their lead regarding transplant center regulation. Media reports in 2005 and 2006 highlighted serious problems at organ transplant programs, calling attention to possible deficits in federal oversight [8] [9] [10] . In response to these reports, CMS issued new CoP for transplant centers which came into effect on 28 June 2007 [11] . In these CoP, CMS
KEY POINTS
Public program-specific reports of organ transplant program outcomes by the Scientific Registry of Transplant Recipients (SRTR) have been both groundbreaking and controversial.
The reports are used by regulatory agencies, private insurance providers, transplant centers, and patients.
Failure to adequately adjust outcomes for risk may cause programs to avoid performing transplants involving suitable but high-risk candidates and donors and may hamper scientific innovation in solidorgan transplantation.
established minimum standards to protect patient health and safety, and implemented oversight mechanisms. Failure to meet the CoP can result in the loss of CMS certification. CMS evaluates transplant center performance based upon the SRTR risk-adjustment contained within the PSRs. Many private insurers also use these performance measurements to certify transplant programs as preferred providers or centers of excellence. It is also important to note that whereas the PSRs published by the SRTR use a two-tailed t-test to detect the differences between observed and expected outcomes, both the OPTN and CMS use a more rigorous one-tailed t-test. Although both the MPSC and CMS foster process improvement, CMS uses these outcomes standards for the more punitive purpose of determining whether a program should be certified for or terminated from participation in the Medicare program [12] .
CURRENT USE: QUALITY IMPROVEMENT
Many transplant programs use the SRTR PSRs as a tool for self-assessment and continuous quality improvement [1 && ]. However, it is noteworthy that lags in data or reporting limit their effectiveness and have fueled efforts to apply real-time techniques such as cumulative summation (CUSUM) charts. The SRTR also provides transplant programs with an Excel spreadsheet tool with the beta coefficients of the risk adjustment embedded within to facilitate subgroup analysis, so that the risk factors involved in poor outcomes can be identified and mitigated (https://securesrtr.transplant.hrsa.gov/).
WHAT ARE THE KEY LIMITATIONS OF PROGRAM-SPECIFIC REPORTS?
To account for differing donor, recipient, and other characteristics, PSRs use risk-adjustment techniques to compare transplant center performance. Risk adjustment is a statistical technique that uses patient variables to ensure valid comparisons. The aim is to level the playing field, but there are pitfalls to risk adjustment. Data collection may be incomplete, models may omit important variables, or the statistical techniques used may be flawed. 
LIMITATIONS: DATA QUALITY
Although high-quality data are essential, resources for data collection are limited and the current OPTN reporting process represents a growing unfunded mandate. The potential errors in data collection are numerous including errors in primary data entry, abstraction, and transfer to OPTN forms, etc. Recently, Gillespie et al. [13] , in a comparison of the Adult-to-Adult Living Donor Liver (A2ALL) study to data submitted to OPTN/SRTR, showed substantial amounts of either missing or discrepant data from OPTN/SRTR.
LIMITATIONS: COVARIATE RISK ADJUSTMENT
The risk-adjustment process only considers differences among donors and recipients that are measured across all transplant programs. Some characteristics, such as the number of pretransplant comorbid illnesses and their severity, which would likely impact posttransplant outcomes, are not collected. This is because of the need to balance maximal adjustment with the burden of data collection. For example, interstitial fibrosis in the biopsy of a donated kidney or the severity of a recipient's coronary artery disease (CAD), though they likely impact survival, is not included in riskadjustment models.
LIMITATIONS: TECHNIQUES USED
The current SRTR method of risk adjustment is based on calculating observed-to-expected (O/E) ratios for every center. However, it has several limitations. For one, it captures only random variation across patient outcomes, but not variations across transplant centers. In addition, it might also overestimate the number of centers considered to be outliers and therefore exaggerate the differences between the centers with the best and worst outcomes [14 & ]. As a result, hierarchical and mixed-effects methods are increasingly being considered. Mixed-effects models consider center effects and improve accuracy at the center of the distribution rather than at the extremes [14 & ]. Arguably, they are more useful for public reporting than identifying program underperformance and have been adopted by the Society of Thoracic Surgeons [15] .
The SRTR uses repeated measures analysis in order to detect changes in performance. Thus, there is an increased risk of committing a type I error when performing multiple comparisons even when a Bonferroni correction is applied, yielding a reduced likelihood of detection. In addition, there is a substantial delay in detecting rapid changes in performance. Currently, the SRTR makes minor changes in the PSR models every 6 months, and until recently, did so with minimal input from the transplant community [1 && ].
WHAT ARE THE POTENTIAL UNINTENDED CONSEQUENCES OF PROGRAM-SPECIFIC REPORTS?
The PSRs were never intended to be a bright line test for the purpose of regulatory oversight and therefore could potentially invoke serious unintended consequences. Although fear of punitive action might exert a positive influence on transplant outcomes, it might also reduce access to transplantation among vulnerable high-risk patient populations.
UNINTENDED CONSEQUENCES: RISK AVERSION
Risk adjustment is inadequate for several 'highrisk' scenarios which negatively impact outcomes including patients transplanted following desensitization for ABO and cross-match incompatibility, liver transplantation for malignancies (hepatocellular carcinoma and cholangiocarcinoma), and recipients with advanced CAD [12] . For example, CAD is associated with inferior outcomes after kidney and liver transplantation [16, 17] . Currently, a patient with nonobstructive CAD (e.g. 30% stenosis in one coronary artery) receives the identical risk adjustment to a patient with obstructive CAD causing coronary events requiring intervention such as coronary bypass or angioplasty and stenting. We have demonstrated that transplant centers have responded to implementation of the CoP by avoiding transplant in patients with CAD risks, who previously would have been transplanted [18] . If true, clinical and programmatic decision-making is being made to preserve CMS certification of the centers rather than to provide optimal patient care.
UNINTENDED CONSEQUENCES: THREAT TO INNOVATION
There is legitimate concern that failure to adequately risk-adjust outcomes may discourage centers from developing innovative treatments leading to stagnation of the field. Indeed, there is no provision to waive inferior outcomes in the evaluation of new technologies. As a result, the American Society of Transplant Surgeons (ASTS) Executive Committee emphasized the need to establish a national body to approve unique clinical circumstances and innovative treatment protocols that warrant special consideration [12] . The process should be transparent and allow for the exclusion of patients meeting criteria irrespective of the transplant center. Outcomes for patients transplanted under this exclusion should be reported separately to enable program comparison. Thus, although the intent of the PSRs and regulation by CMS were not to stifle innovation, there is concern that this is occurring.
UNINTENDED CONSEQUENCES: RANKING
It is important to note that the PSRs are not intended to demonstrate whether performance at one program is superior to another, but rather to determine if a program's performance differs from expectations based on risk adjustment using national data [4] . For this reason, the SRTR does not present a ranking of centers and discourages other users from doing so [4] .
HOW HAVE THE PROGRAM-SPECIFIC REPORTS IMPACTED PROGRAM BEHAVIOR?
Although PSRs have been publicly available for more than a decade, more recently their use by CMS for regulatory oversight under the CoP has garnered a great deal of attention from the transplant community [19] . Private payers also utilize the PSRs for contracting decisions with individual transplant centers. Finally, the application of more stringent donor and recipient selection criteria has been proposed as an explanation for a contemporaneous decline in the steady growth of solid-organ transplants after the implementation of the CoPs [4, 20, 21] .
IMPACT ON PROGRAM BEHAVIOR: CHANGE IN CASE MIX
The use of report cards and other performance assessments is not unique to organ transplantation [22, 23] . However, it remains unclear whether provider report cards alter consumer behavior or improves care [24 & ]. Similarly, although publically reported outcomes in kidney transplantation influenced the choices of younger, educated patients, there was no impact on kidney transplantation demand overall [25] .
In a survey of the 2009 Transplant Management Forum, 55% of respondents indicated that their centers had received low or near-low performance ratings [19] . Interestingly, respondents from lowperforming centers indicated that they had become more restrictive in selecting transplant candidates (81 vs. 38%, P ¼ 0.001) and donors (77 vs. 31%, P < 0.001). In addition, 70-80% of respondents said their programs tolerated less risk as a result of the PSRs. On the basis of these data, performance evaluations are associated with significant changes in clinical practice at transplant centers, but do not affect the patient choice of transplant center.
IMPACT ON PROGRAM BEHAVIOR: ROLE OF QUALITY IMPROVEMENT AND SAFETY
Performance metrics are intended to help identify centers in which practices could be improved and to identify centers that perform well that are to be emulated. Indeed, it appears that transplant programs are increasingly allocating resources toward internal quality monitoring [19] . To this end, the transplant community has attempted to address the issue of delays in reporting by moving toward methods of real-time process monitoring. The CUSUM method graphically depicts currently collected, risk-adjusted data and alerts the users when an outcome reaches a predetermined threshold allowing for earlier intervention. CUSUMs are designed to provide continuous, real-time assessment of clinical outcomes. When retrospectively compared to currently available data reporting, the CUSUM method was found to detect clinically significant changes in center performance more rapidly [26] . The United Kingdom has already adopted this methodology for use in kidney transplantation [27] . Evaluation of its usefulness in a United States population is ongoing.
ISSUES TO BE ADDRESSED WHICH WILL INFLUENCE FUTURE IMPACT OF PROGRAM-SPECIFIC REPORTS
As a result of the recent SRTR consensus conference, several key issues have been brought to light which will influence the future impact of PSRs [1 && ]. The overarching theme is that PSRs need to be better designed to address the needs of all users, particularly patients. Additional comorbidity variables should be collected and used in risk-adjustment models, but innovation should also be protected by excluding patients who are in approved research protocols from statistical models that identify underperforming centers. Transplant centers should also be provided with tools to facilitate quality assessment and performance improvement via innovative statistical methods and process improvement techniques.
CONCLUSION
PSRs are here to stay and are used by a wide variety of audiences, with both intended and unintended consequences on transplant center behavior. These reports represent a complex organ transplantation system that often involves trade-offs. Future studies designed to emphasize patient-centered outcomes analysis and data collection via innovative and costeffective techniques are needed.
